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(54) THERMOELECTRIC CONVERSION MATERIAL AND MANUFACTURING 
METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Si-band thermoelectric conversion 
material, which can be markedly improved in figure of merit by a method, wherein 
the conversion material is much decreased in thermal conductivity without 
deteriorating it in Seebeck coefficient and electrical conductivity. 
SOLUTION: Ge is added to an Si-based thermoelectric conversion material, by 
which the thermoelectric conversion material can be reduced markedly in thermal 
conductivity, without changing it in carrier concentration. It is most preferable 
that the amount of Ge added to the conversion material ranges from 5 to 10 
atom%, for reducing the thermoelectric conversion material in thermal 
conductivity. The thermoelectric conversion material has such a structure where 
Ge or additive element, which is added for turning the thermoelectric conversion 
material to a p-type semiconductor or an n-type semiconductor, is segregated at 
the grain boundaries of polycrystallines Si, by which a p-type or an n-type 
semiconductor which is 1017 to 1021 (M/m3) in carrier concentration and 35 
w/m.K or lower in thermal conductivity can be obtained. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision 
of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 



http://vvww19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAkAaWkfDA413144336... 2006/08/07 



(19)0*B*m;r (JP) (12) Q f|fj 5^ ^ ^ ( A ) (ll)ft9HiU^H*^ 

#182001-144336 
(P2001-144336A) 

(43)^HB ¥J«13^5 £25 8(2001.5.25) 



(51)IntCL 7 
HO 1L 
B2 2F 

C22C 
HO 1 L 



35/22 
3/105 
3/14 
1/04 

35/14 



F I 

H 0 1 L 35/22 
B 2 2 F 3/105 
3/14 

C 2 2 C 1/04 
HOIL 35/14 



H>r(#«) 

4KO 1 8 



A 

E 

OL 6 H) *HHtdB< 



(21)ffl«#ff 


ft»¥H -327134 


(71)tHIEA 


000183417 








ft£4SHc&«8a££*t 


(22)tfffiB 


¥f£ll#ni3 17B (1999. 11. 17) 




AEJ&*E^^*KtS4TB 7«19^ 






(72)3H8# 


OlT j& 








AElffH©il5&*"rfl:it|2TH15-17 ft 














(72)fMB# 


MM 








AE^=»lPft*«ra/fl2TB15-17 ft 














(74)f<SS!A 


100075535 














F^-A(##) 4K018 AA40 EA01 EA21 KA32 



(54) [smn&m mwsmtm^nM&tiVk 



(57) ism] 

mm] simmm^mtno^ — sy*«*r. m%B 

Wife**] SiSfi«^mW!^Ge^^Pi-5CtiC 

W5KI±KIIP*«»5~l0j|l : f*P*i-C. Gefca^ttS fe 

tl*#» #*S*Si©ttiWBI-ffi*fUfc*JtS:«Foii:t 
ID, *-ryT-«t*10 n ~10 2 ' (M/m 3 )T\ 



1 

[S*jft«l] Si|C v Ge?:0. 05®-?-%~20®^-%, p^XIl 
nS^ft t *-t-fc»oafe!l07C*S:*3lXf±«^T0. 0 
5j^%~5Jf Si 2*80%EA±£ £ * 5 

mm. 

[ft*92] ^ft^o*^ y r-igg^io" -10 

21 (M/m 3 ) T? 5 If l^ffi«»#fcft3>&*m o 
[M*93] Sifcl, Ge^O.O5j^-^%~2O0^% > pMXtt 

[0001] 
[0002] 

[0003] Site, GeSrJDx5wi:(cJ;9fae^S:{ST$ 
tttB*B*#fcJ±1-5Z. fctt. J.P.Dism 
ukesf) (J. Ap'pl. Phys. , 35(1964)2899. ) ^>N. Kh. Abrikosov 
h (Sov. Phys. - Semicon. ,2(1969) 1468. ) (DWBXt&hft 

[0004] f&egWSlCO^TW:, Si-Ge3R*>5lNfi 

InAs-GaAs^©^^(±tt/ft-, Hfflf!*^ 

[0005] COSi-Gett, *Oft(BEICfcJt5»ftBlili:H 
ffij»(0aaf||©^:#V^#HSfC&!5 , SitGe^ffiWt 
*V^^$IBIH#&ofc Q *fc, ±J£LfcSi-Ge3Rtm 
ttGe*20%ei±^W-*-5fc«>. Ge©KCW=»* h**ffi<, 

[0006] 3§Hj#ibfi, 5fet4SttiSft<,B,K^s 



(2) #51200 1-14 433 6 

2 

w^^yr-gg^io" ~io 2 ' (m/i)W5J; ?icp,b, 

^(W099/22410) U/to 
[0007] 

»*SD5uigic i o x&fcm&*T\f?> z t &~*imx, i 

10 fcft*/^ib*Pibft5Si-Ge^ Fe-Si^lCifc^ 0f^© + 
[0008] -jRfc. ifig$( K )l4^ty7-(litf) 

IC J; 5£g ( K el) £ 7 * J >\Z. X 5 mm ( k ph) <Df 0 T*-*J- 
ai&^o *N*fMS«(** yr-!t^<10 21 (M/m 3 ))T* 

20 -e$>6 0 

[0009] L/i^b, SUZ2,zm^,&mjiM^tc\-m^'km 
17 ~10 21 0l/«* ) -efc t) , ^©j^Jp*[rf4!R#dS*>5 0 - 

[ooio] z<z>mw^ simf&n&i&ttnw — 
30 5si*3»***H-wafetwc«*«»*^ a « t 

[0011] 

fcHS*, SitPC4^5c3(l(OGe-Cfi=3f-^yT-tt^-ti: 

40 [0012] ^B^^-Ibfl, GeSrO. 05^%~20JS^%^* Ufc 
Si»j»***«-!|SHC«-»7C**«JP UT-tf-'Sy 
^iS<ft5^^yT-»Sl0" ~10 21 (M/m 3 )(^SUfc 

[0013] irt£t>h, Z.<V%W&. Ge%0. 05JS^-%~20J^ 
50 tt^^-ICTO. 05®^%~5lS^%-^«-i-5 J; 0 \mM bfc 



3 

[0014] 

y yfit aan5n*oi««±*s^a±*fi»5*t 10 

-YXfiJIHiaa-CJMeSjSS, 10-500 MmSS-Cfc 5. 
[0015] Gei:P^B<oafe!lPjc*Oi|gfi*ftJMI«f*t«i:*-*' 

5 * + y r-»* i naij^r -v y r-*/f »±»H:-srt- s 

-ir£5tfgLfc„ *fc, Si 11 y^-ffi©«t|iL|CGe4fc»Ge 

SWM&feitS^i:. S 20 
50W/m • KWTirffijgT'^ 5 d £ SrHRLfc. 
[0016] Z.<D%W<D®mM$MPr\Zi$^X , Ge*S0. 05JS 

$rteT3#5IIB£ft3„ iot, GeW^WflO. 05~20 

[0017] mm^mtLx^ p®, ns^fti-ftst© 

[0018] zommictd^x, sizpm^wfctitcmm* 
i „■ nasi; mmmm^mm. & o mm. 

e^*, $£^©v^;ft.©#ttl£fi,£&g<;j>-e£;fc> 40 

#5. $oT, jR!lP5E*ttv^-f*t©7E*-Ct«l:<, lffi 
JS*_k£0. 05^%~5JS^-»©ffiffl-e^W$-ti:5t «fcV\, 
[0019] pS^*i:/ii-fc»©^P7c*t LTfi, Ay* 
/W— 7°S¥ (Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, B, Al, Ga, In, Tl) , 

m&&&jtm> mot ;y, mo, zr) ©#«w»e>a$n-5i« 

f±B, Ga,Al-e$>5„ 

[0020] m*m»bti:iritv><Dmto7tmti* w>v-rf 

8¥(N,P,As,Sb,Bi,0,S,Se,Teh 9^A5cjRMiff Ofc ;T 50 



#^2001-144336 
4 

i, V, Cr, Mn, Fe, Co, Ni, Cu, Nb, Ru, Rh, Pd, Ag, Hf, Ta, V, Re, 0 
s,Ir,Pt,Au, {&LFettlOW**6HT). #±S(7G3lf »RE(R 
E ; La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu) ©£1¥ 

* tV^D7C*l4P,Cu-efc?>o 

[0021] CWlgPJtcfc^T. 3^7ci^i:5^7clg©#*5r 

'>&< ttia-fo^puT, dr^yr-ss^io" ~1 

o 21 (M/m)^MW1rZ>Zklz±<9, *+!JT-«**:S 
7L-?\zy*/ >-©»&£*£ < LT^3 c t &*jmx\ 

« £5&tc«J; 9 # < tpM^^^#^^ 
5«l5c*Sr3ifijc*J: 9#<^W**5 t ni^^d*'* 

[0022] £©3&Wi::J:5SiSa«£!MmBu Si£$# 

rtt, T-tmmfe, Mm$i®Mm&mmicmmxm 

[0023] CO«MI-*V^T» >fy^yhOf^!*ftiL 
Ttt. ^*q^3^7/^^f— (CZ)jfe, 7P-f-f^/ 
-V(FZ)jfeAS«ffl-C#S. j/->W*JJ 1^<ZL) 

ftlt-CKSftl-S - 1 1> "lfg-e&5o 
[0024] Sfefc, si^$#£j^7V- M::«u&3^ 
[0025] PMSi-Ge*m#Zft®-tZtzlfi) 

~10 2 ' (M/m 3 ) t«S «fc 0 fc, Ptkt> L < tt^^^AP UT 

SC*.T*y h7 p V^*Q ! a^m7 e 7^^1-S^ t(C 
[0026] BSr0.3^%^PL^Sio..s Geaos pS^^ft: 

%X-T-?mMVtz-( Vdy h©ifi30»4-CfllTi-5C fc 
[0027] pS^ft-Cfi, 5t?L^5%*}S-t?{±, ^©91* 

^^ofc C^T^Ms(X%)fA-r^=*'y h©^^100%i: 
LT* y h7 P U^p n p©ta^ J S(Y%)^^, (100-Y)(X) 

©tf*^;ii?*jst)fc 0 

[0028] nSSiSW?rf^»1-5fcfe(^, 

5 ( 6^5c«5r^^y T-^g^io" ~10 2 ' (M/m') 
izttZXolz, L<&m&ffiMLX®MLtz4> 



[0029] PSr0.4^%^PLfcSio..s Geoos n^jgft 

0%£ -CttTi"* - i &£t>^1t 0 
[0030] nffliNfflc-Cfi, ^?L^5%*»TI±fie^*{4 

[0031] Ctf^PJiCfc^T, h^v^^aa^tt, 

ffigl423~1573K v E*j49~147MPdS£f 4 IA\ JBlS^H 

73KtiB*.5i:HBfl»*"t-*5l*isar:* 0 ^fcffi^li 
3f3tOft?L*l=45 «fc 5 KaSdJEittJf ±W 

[0032] roxnicdsv^-r, M/^^ifejai^ft 

fi> )fi£l503K~1573K, JE^»49~147MP^$f * U\, S 
«^1503K5fe«T»f*Kil6ft:©«a*iS4«*iBx., 
^1573K*jB*Si-S35»#i-5S*iJ j aC5 0 
[0033] 

pfflSi-GeiN|ft:t:fmi-«fc«>, ffitt&M&lSi (ION) 4 



(4) #M 2001-144336 

6 

$/V'»#UT*llC*1-iF*&«CSO»*t^»Ufc. 
[0034] •?:©&, *2(;*i-*5/ h^U^^ft-Cl^Wft 

10 ©SPS-2040£ffll^fc o 

[0035] #^tlfcilfe#:^r5X5X5mm, 10x10x2mm, ft 
@10X2mm©^(C§]^nitT, ^iVffVt?-^ S> 

mm, *-*ff«(*$ag«i£trK me^*ay^ffl©K 

[0036] I?-'* y «iaSB©Wi$rPt, {gffigB 

©«ffi*PtCLT, *tve>©iaSHSr6Ki^5£t, iUfi 
ffi i teffl»© s F*&»«323K-C©Pi!i|£3|#<0jRiB«** 

20 [0037] $fc, *-/W#m©S'J^(4, 323KT?^S&iCj; 

Lfc= $ fc(rnae^*n U-f-77 y «fc 5 32 

•t-c 
[0038] 
[*1] 











a & 


& m 


mm 
















No 


Si 


Ge 




mum 

(at%) 


(M/cm3) 


(pm) 






A 


99.5 


0.6 


B 


0.2 


9.2X10U 


4.2 


p 


B 


95.0 


5.0 


B 


0.3 


1.5X1020 


3.8 


p 




C 


95.0 


5.0 


P 


0.4 


1.8X1020 


4.0 


N 




D 


80.0 


20.0 


GaP 


0.4 


2.2X1020 


4.5 


N 




P 


0.3 


1 


E 


70.0 


30.0 


B 


0.3 


1.2X1020 


4.8 


P 



[0039] 



1*2] 



(5) ®ffl 2 0 0 1 - 1 4 4 3 3 6 

7 8 



XT 

No. 


4f 


41^ 


(K) 


IE* 
(MP) 


(%) 


if— *y O 

#!& 
SCmV/TC) 


(Gm) 


(W/mK) 


(l/K) 


1 


A 


P 


— 


— 


0 


0.096 


6.68X10-6 


54.0 


2.5X10-5 


2 


A 


P 


1573 


147 


5 


0.091 


7.12X10-6 


32.1 


3.6X10-5 


3 


A 


P 


1573 


49 


8 


0.087 


7.65X10-6 


27.5 


3.6X10-5 


4 


A 


P 


1543 


49 


22 


0.080 


8.14X10-6 


21.3 


3.7X10-5 


5 


B 


P 


— 


— 


0 


0.142 


1.11X10-5 


8.75 


2.1X10-* 


6 


B 


P 


1553 


147 


8 


0.136 


1.32X10-5 


5.18 


2.7X10-4 


7 


B 


P 


1523 


49 


23 


0.124 


1.47X10^ 


3.72 


2.8X10-4 


8 


B 


P 


1493 


49 


40 


0.113 


1.92X10-5 


2.81 


2.4X10-4 


9 


C 


N 


— 


— 


0 


0.168 


9.31 X10-* 


10.2 


3.0X10-4 


10 


C 


N 


1553 


147 


10 


0.149 


9.84X10-6 


6.53 


3.5X10-4 


11 


C 


N 


1523 


49 


22 


0.137 


1.13X10-5 


4.01 


4.1X10-4 


12 


C 


N 


1493 


49 


31 


0.131 


1.32X10-5 


3.42 


3.8X10-4 


13 


C 


N 


1463 


49 


41 


0.124 


1.65X10-6 


3.25 


2.9X10-4 


14 


D 


N 


— 


— 


0 


0.141 


6.10X10-6 


5.L0 


6.4 X 10-* 


15 


D 


N 


1503 


147 


11 


0.133 


6.42X10-6 


3.80 


7.3XKH 


16 


D 


N 


1473 


49 


27 


0.121 


7.15X10-6 


3.04 


6.7X10-* 


17 


D 


N 


1423 


147 


34 


0.115 


8.04X10-6 


2.53 


6.5X10-4 


18 


D 


N 


1403 


49 


43 


0.101 


9.04X10-6 


2.36 


4.8X10^ 


19 


E 


P 






0 


0.121 


8.51X10-6 


5.37 


3.2X10-4 


20 


E 


P 


1473 


147 


8 


0.110 


9.13X10-6 


4.62 


2,9X10-4 


21 


E 


P 


1443 


49 


24 


0.104 


9.97X10-6 


3.68 


2.9X10-4 


22 


E 


P 


1393 


49 


41 


0.093 


1.29X10-6 


2.54 


2.6X10-4 



10040] [^3] 



(6) ^2 0 0 1 - 1 4 4 3 3 6 

9 10 



No. 


> 








SdnV/T) 








A/ 


(K) 


(MP) 


(%) 




(W/mK) 


(1/K) 


1 


A 


p 


— 


— 


0 


0.096 


6.68X10-6 


54.0 


2.5X10-5 


23 


A 


p 


1573 


49 


23 


0.080 


8.16X10-6 


21.3 


3.7X10-5 


24 


A 


p 


1543 


49 


34 


0.072 


8.74X10-6 


18.4 


3.2X10-5 


5 


B 


p 


— 


— — 


0 


0.142 


1.11X10-5 


8.75 


2.1X10-* 


25 


B 


p 


1553 


49 


18 


0.131 


1.36X10-5 


4.14 


3.0X10-4 


26 


B 


p 


1493 


49 


46 


0.101 


2.05X10-5 


2.64 


1.9X10-4 


9 


C 


N 






0 


0.168 


9.31X10-6 


10.2 


3.0X10^ 


27 


C 


N 


1553 


49 | 


16 


0.141 


1.03X10-6 


5.14 


3.8X10-4 


28 


c 


N 


1463 


49 


46 


0.117 


1.84X10-5 


2.98 


2.5X10^ 


14 


D 


N 






0 


0.141 


6.10X10-6 


5.10 


6.4X10-4 


29 


D 


N 


1503 


49 


14 


0.127 


6.74X10-6 


3.42 


7.0X10-4 


30 


D 


N 


1423 


49 


40 


0.107 


8.76X10-6 


2.78 


4.7X10-4 


18 


D 


N 


1403 


49 


43 


0.101 


9.04X10-6 


2.54 


4.4X10^ 


31 


D 


N 


1473 


49 


21 


0.106 


9.73X10-6 


4.14 


2.8X10-4 



umoM\ ^<D««fltj:*j»«**H'»tt, mmw 33(w/m-KmTic*#<{rr$-frT, &mmm<D±mte 

l£BH&a»jfeJ: 51-, <y *fiUfc&so.072M). 149x10 fp]±^^-e^S 0 
" 4 mV/KT$>9, «fS*SiS«l««Sttt^**^5^* 



(51) Int. Cl. 7 KBUffi-^ 
H 0 1 L 35/34 
H0 2N 11/00 



F I 

H 0 1 L 35/34 
H0 2N 11/00 



A 



